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1 
A B S T R A C T 
In the present work we explore the front- and back-side performance of a photocatalytic 
platform consisting of self-organized TiO2 nanotube layers formed by complete anodization 
of Ti metal films evaporated on quartz slides. The adhesion and light transmission of the tube 
layers on the quartz surfaces are optimized by a suitable anodization procedure. After their 
growth, the nanotube arrays were converted into crystalline structures and sputter-coated with 
co-catalytic Pt nanoparticles. The optically transparent quartz substrates enable the use of the 
Pt-decorated tube layers for photocatalytic H2 generation under either front- or back-side 
illumination configurations. The nanotube films on quartz are characterized in view of their 
physico-chemical properties, including their light transmission features measured using 
different light sources. The results show that the front-side illumination under optimized 
factors, i.e., the amount of loaded co-catalyst, yields a maximized photocatalytic performance 
in terms of H2 generation. 
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Introduction 
Since the first report of Fujishima and Honda
1
 on the photo-electrochemical properties 
of titanium dioxide, TiO2-based materials have become one of the most investigated photo-
anodes and photocatalysts in processes such as, e.g., waste water purification, water splitting, 
and synthesis of valuable compounds.
2-6
 The success of TiO2 in photocatalysis is mainly due 
to its high chemical stability, low cost, and, most importantly, to its suitable band-edge 
positions that allow, in principle, for splitting water and therefore for generating H2 (i.e., a 
most important energy vector of the future). For practical use, in order to overcome kinetic 
limitations of H2 generation on TiO2, usually a co-catalyst (e.g., Pt, Pd, Au) is decorated on 
the semiconductor surface. Additionally, to reach a high specific reaction rate (high specific 
surface area, short carrier diffusion path), TiO2 morphologies such as TiO2 nanoparticles are 
used.
2,7
 
However, more recently one-dimensional (1D) TiO2 nanostructures, such as arrays of 
nanowires, nanorods and nanotubes (NTs), are widely investigated as promising 
morphologies due to the 1D morphology that combines a relatively high surface area with a 
directional charge transport. Moreover, the features of 1D semiconductor architectures can be 
further improved by doping,
8,9
 surface modification with co-catalysts or visible light 
sensitizers,
10,11
 and by specific thermal treatments.
12,13
 
A particular type of 1D TiO2 structures, anodic TiO2 nanotube arrays, can be easily 
fabricated by anodization of a piece of Ti metal, under self-organizing conditions. Their 
morphology (i.e., length, diameter, wall thickness and degree of ordering) can be tailored by 
the electrochemical conditions (electrolyte composition, applied voltage, anodization time, 
etc.).
14,15
 
Aside from the straightforward anodization of a piece of Ti, the growth of anodic TiO2 
NTs can successfully occur also directly on a conducting glass substrates (i.e., FTO), that is, 
by anodizing Ti films deposited on conductive glass.
16,17
 Alternatively, the tube layers formed 
3 
on a Ti metal piece can be detached as self-standing membranes, either by a fine etching 
strategy or by a potential shock approach.
18,19
 and then are transferred to a desired 
substrate.
2022
 This leads to relatively high efficiencies when the tube layers (grown or 
transferred) on FTO are employed as a photo-anode in dye sensitized solar cells (DSSCs). I.e., 
not only front- but also back-side illumination configuration of the semiconductor on the glass 
(i.e., light passes through the substrate) can be used.
23,24
 The advantages of a back-side 
arrangement of a photoelectrochemical cell are that the losses of light from a front-side 
illumination configuration due to the light absorption by a Pt counter electrode are avoided.
25
 
Furthermore, a light irradiation of the TiO2 tube layers through the FTO glass is advantageous 
also because the majority of the charge carriers are generated close to the semiconductor/FTO 
interface and thus the charge collection efficiency by the FTO scaffold is substantially 
improved.
26,27
 
Nevertheless, owing to their optical properties, FTO/glass substrates allow for only 
partial transmission of UV light, and especially wavelengths shorter than ~ 350 nm are 
substantially absorbed in FTO and hence do not reach the semiconductor.
28
 Therefore, if one 
aims at studying in a back-side illumination configuration the photo-response of TiO2 
nanotubes under UV light irradiation, FTO should be replaced by a more suitable (i.e., 
optically transparent) substrate, and quartz represent an ideal candidate for this purpose, 
showing almost 100% transmittance under irradiation with wavelengths as short as 250-350 
nm. 
In this work we illustrate an approach that allows for the growth of mechanically-
stable TiO2 nanotube layers directly on optically transparent quartz substrates. After 
crystallization into anatase TiO2 and Pt co-catalyst deposition, these tube layers on quartz are 
studied as photocatalyst for H2 production in both front-side irradiation and back-side 
illumination, and are characterized in view of their wavelength-dependent light transmission 
properties. We provide results on the effects of experimental parameters such as the 
4 
irradiation configuration, the used light source and the amount of co-catalytic Pt, on the H2 
generation efficiency. 
Experimental 
Self-ordered vertically-aligned TiO2 nanotube arrays were grown by anodization of Ti metal 
films (300 nm thick) that were deposited by electron beam evaporation on quartz slides (15 x 
15 x 1 mm, GVB, Germany). The quartz substrates were previously cleaned by sonication in 
acetone, ethanol and deionized water (15 min for each step), and then dried in a N2 stream. 
The evaporation of Ti onto the quartz slides was carried out with a deposition rate of 0.6 nm 
min
-1
, at 5×10
−7
 – 2×10−6 mbar, using a PLS 500 Labor-system (Balzers-Pfeiffer). 
The anodization of the Ti layers was performed in a two-electrode electrochemical O-
ring cell (O-ring diameter of 10 mm) with a Pt plate as cathode. The electrolyte was 
composed of ethylene glycol with addition of 0.15 M NH4F and 3 vol% deionized water. The 
anodization of the Ti layers was conducted to completion, that is, until full conversion of the 
metal films into transparent TiO2 nanotube layers, i.e., no Ti metal was left underneath the 
nanotubes (for further experimental details see Results and Discussion). The anodization 
experiments were performed under potentiostatic conditions, that is, by applying a constant 
direct current (DC) potential of 60 V (no sweeping) provided by a Volcraft VLP 24 Pro DC 
power source. The resulting current density was recorded using a Keithley 2100 6½ Digit 
multimeter interfaced with a laptop. 
The as-formed TiO2 nanotubes on quartz were crystallized by annealing at 450°C, for 
1 h, in air, using a rapid thermal annealer (Jipelec Jetfirst 100 RTA), with a heating and 
cooling rate of 30°C min
-1
. Afterwards, Pt was deposited by plasma sputtering (EM SCD500, 
Leica, using a 99.99 % pure Pt target, Hauner Metallische Werkstoffe) onto the top of the 
crystalline tube layers in the form of films having various nominal thicknesses in the 0.5-10 
nm range. The amount of Pt, i.e., the nominal thickness of the Pt film, was in situ monitored 
5 
with an automated quartz crystal film-thickness sensor. This approach allowed for a fine 
control of the Pt amount (e.g., down to nominal thicknesses of 0.5 nm) and also ensured the 
reproducibility of the deposition. The sputtering was usually carried out at 10
-2
 mbar of Ar, by 
applying a current of 16 mA. 
For the morphological characterization of the Pt-decorated TiO2 nanotube layers, a 
field-emission scanning electron microscope (Hitachi FE-SEM S4800) was used. X-ray 
diffraction analysis (XRD, X’pert Philips MPD with a Panalytical X’celerator detector) using 
graphite monochromized CuKα radiation (wavelength 1.54056 Å) was performed for 
determining the crystalline structure of the samples. Their composition and the chemical state 
were characterized using X-ray photoelectron spectroscopy (XPS, PHI 5600, US) and peak 
positions were calibrated with respect to the Ti2p peak at 458 eV. Energy-dispersive X-ray 
spectroscopy (EDAX Genesis, fitted to SEM chamber) was also used for the chemical 
analysis of the anodic layers. 
For the photocatalytic H2 generation experiments, the samples were immersed into 20 
vol% ethanol-water solutions within a sealed quartz tube. The ethanol-water solution (volume 
~ 7 mL) and the cell head-space (volume ~ 8 mL) were purged with N2 gas for 20 min prior to 
photocatalysis. Ethanol, as explained in more detail elsewhere,
429
 was used as hole-scavenger, 
that is, it undergoes rapid oxidation (eventually towards CO2) by reacting with photo-
generated holes in TiO2. This markedly suppresses the electron-hole recombination and 
makes conduction band electrons more readily available for the H2 generation reaction.
30,31
 
Two different light sources were used for the photocatalytic experiments: i) a CW-
laser emitting UV light (I0 = 7.8 mW cm
-2, λ = 266 nm, CryLas GmbH, Germany), and ii) an 
AM 1.5 solar simulator (300 W Xe, I0 = 155 mW cm
-2
, light spot size ~ 20 cm
2
, Solarlight). 
The irradiation time was of 1 h for all the experiments. When using the UV light, the laser 
beam was expanded to a circle-shaped light spot of ~ 0.78 cm
2
 to irradiate the full surface of 
the NT layers. In order to determine the amount of generated H2, the gas that evolved under 
6 
irradiation was accumulated within the headspace of the quartz reactor and was then analyzed 
by gas chromatography (using a GCMS-QO2010SE chromatograph, Shimadzu) withdrawing 
200 µL samples with a gas tight syringe. 
The light transmission properties of the TiO2 NT films on quartz were also 
investigated. For this, we illuminated the NTs films with different monochromatic light 
sources in both front- and back-side irradiation configurations, and measured with a calibrated 
optical power meter (Newport, 1830-C) the intensity of transmitted light I, i.e., the light that 
could pass through the nanotube films (the plain quartz substrates showed transparency at all 
the wavelengths). The used lasers had emission λ centered at 266, 325, 405, 473, and 633 nm, 
and emission intensity (I0) of 7.8, 18.5, 18.2, 14.7, 0.086mW cm
-2
, respectively. 
The Transmittance T(%) of the tube layers at the different irradiation λ was calculated 
as 𝑇(%) =
𝐼
𝐼0
100%. The results of the light transmittance measurements provide an overview 
of the light absorption properties of the nanotube films in dependence of the illumination 
wavelength. 
Results and Discussion 
In order to fabricate anodic TiO2 NT layers that can be used in the standard front-side 
illumination configuration as well as in a back-side configuration (i.e., illumination through 
the substrate), Ti metal layers were evaporated on optically transparent substrates and then 
were subjected to electrochemical anodization. 
A key to achieve full anodization of the metal films and, at the same time, to avoid 
detachment (peeling-off) of the tube layers is a proper duration of the anodization experiments. 
For this, we monitored in real time the current vs. time profile and stopped the experiment at 
the suitable time. 
In Fig. 1(a), a typical current density (J) vs. time profile is illustrated that presents 
three characteristic stages: i) after a current increase when the anodic bias is applied, J 
7 
decreases in an exponential form due to the formation of the oxide barrier layer, by high-field 
oxidation,
15,32
 ii) afterwards, J remains almost constant during the nanotube growth (under 
steady-state tube growth conditions
15,32
); iii) finally, J decreases to a very low current density 
values as the thin Ti layer is nearly fully consumed. In this phase, the continuous drop of J 
over time is ascribed to the fact that the front of oxide growth reaches the quartz first at the 
center of the anodized surface due to current distribution effects. In other words, the tubes 
grow slightly faster at the center of the anodic film as illustrated in the inset of Fig. 1a. As a 
consequence we observed that if the anodization is interrupted at “1” (see Fig. 1(a)), the 
growth of the nanotubes is complete only at the center of the anodized area, while at the edges 
there was still Ti metal left underneath the nanotubes. On the other hand, if the anodization is 
interrupted at “3”, no Ti metal is left beneath the tubes (not even at the edges of the sample) 
but a large extent of oxide dissolution (etching-off) occurs at the center of the tube layer, 
leading to peeling-off (i.e., or a bad adhesion) of the oxide film. 
An optimal time for interrupting the anodization is thus at “2” (approximately when 
the current density reaches 50% of the steady-state phase) since: i) the amount of Ti metal left 
underneath the oxide at the edge of the sample is minimized, and it will be converted to oxide 
by the subsequent thermal treatment; and ii) the oxide-etching that takes place at the center of 
the sample occurs only to a small extent and does not affect the mechanical adhesion of the 
anodic film. 
By this strategy, from the originally 300 nm-thick metallic Ti films, 700 nm-thick 
TiO2 nanotube layers were formed (Fig. 1(b)). As shown in the SEM images in Fig. 1(c,d) and 
Fig. S1, these NTs are vertically aligned and show an average diameter of the mouth of ~ 30 
nm (ascribed to the presence of the initiation layer
33
), and an average tube inner diameter of ~ 
60 nm. 
8 
After fabrication, the as-formed amorphous TiO2 NTs were converted into anatase 
phase by annealing in air at 450ºC. Then, Pt layers of various nominal thicknesses (in the 0.5-
10 nm range) were sputter-deposited onto the anatase NTs. 
From the optical pictures of the bare TiO2 NTs shown in the insets of Fig. 1(a), one 
can see that the tube films are transparent. However, the films become darker in color and less 
transparent as thicker Pt films are deposited (see the inset in Fig. 1(d), and Fig S3 in the ESI). 
When sputtering relatively small noble metal amounts (e.g., ~ 1 nm-thick film) we found that 
small island-like Pt particles form at the top of the NTs (Fig. 1(c)), while for larger amount of 
sputtered metal (≥ 5 nm) Pt agglomerates atop the TiO2 nanotubes (Fig. 1(d)), forming thick 
and dense layers (for further details see Table 1 and Fig. S2). 
These structures, when characterized by XRD in view of their crystallographic 
properties, were found to be composed of anatase TiO2 phase (with the characteristic anatase 
reflection peaking at 25.28°), and according to the annealing conditions weak rutile peak was 
detected (Fig. 2(a)). Also, the absence of a Ti metal peak confirms that the metal film is fully 
converted into oxide by the anodization step.  
Both XRD patterns and EDX analyses do not show any Pt peak on the NTs when the 
sputtered Pt film is thinner than 1 nm (EDX data are compiled in Fig. S4(a)). However, for 
thicker films, the intensity of the Pt signals clearly increases with increasing its nominal 
thicknesses (characteristic XRD peaks of Pt are at ~ 40.0º and 46.5º, while its EDX signal 
peaks at ~ 2.1 eV), this confirming the presence of the noble metal and the accuracy and 
reproducibility of the Pt sputter-coating approach. 
Additionally, XPS characterization was performed for all samples, particularly to 
verify the actual presence of Pt when thinner layers are sputter-deposited. The deposition of Pt 
(in the form of Pt
0
) is confirmed for all the Pt-coated samples by the appearance of the Pt4f 
signal in the high resolution spectra (Fig. 2(b)), with the 4f7/2 and 4f5/2 signals peaking at ~ 
71.8 and 75.2 eV, respectively. Moreover, from the XPS surveys (Fig. S4(b)) one can also see 
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other characteristic Pt signal (e.g., Pt3d peaking at ~ 314 eV), and the decrease of the Ti2p 
peak (~ 458 eV) with increasing the thickness of the sputtered Pt layer, this indicating a larger 
coverage of the TiO2 surface with the noble metal. 
The NT structures, decorated with different Pt amounts (i.e., 0.5-10 nm) were then 
evaluated as photocatalytic films for the generation of H2 from ethanol-water solutions. As 
anticipated above and illustrated in Fig. 3(a), the photocatalytic films were tested under both 
front- and back-side illumination, and by using different light sources (UV and simulated 
solar light). 
From the photocatalytic data in Fig. 3, a first clear result is that regardless of the used 
light source, the plot of H2 amount vs. the amount of co-catalyst shows specific trends for the 
two irradiation configurations. 
Under front-side illumination, one can see that the amount of evolved H2 increases 
steeply with increasing the Pt amount until 0.7 nm, and then it dramatically decreases for 
larger Pt amounts. In this configuration the largest H2 production were measured with 0.7 nm 
Pt and are of ~ 23.5 and 8.8 µL h
-1
, obtained under 266 nm and AM 1.5 simulated solar light 
irradiation, respectively. 
On the contrary, under back-side illumination, the H2 evolution efficiency increases 
monotonically with the Pt amount, although it substantially levels off when Pt > 1 nm. In this 
case, the largest H2 amounts were measured with 10 nm of Pt and are ~ 8.5 and 4.5 µL h
-1
, 
obtained under 266 nm and simulated solar light irradiation, respectively. 
The reasons for the different trends are ascribed to the relative position of the co-
catalyst with respect to the light irradiation pathway. In the front-side illumination, the 
majority of the charge carriers (i.e., electron-hole pairs) are more likely generated at the top of 
the tubes and thus in the vicinity of the co-catalyst. Therefore, electrons have to migrate only 
over relatively short distances to reach the co-catalytic sites (the Pt nanoparticles) and 
generate H2. Therefore, in this configuration the amount of Pt must be optimized for two 
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factors: i) a maximized Pt decoration density, for a most efficient electron transfer towards the 
co-catalyst and ii) a minimized Pt amount regarding shading effects of the semiconductor (Pt 
absorbs and scatters the impinging light). Additionally, a large coverage of TiO2 by Pt might 
hinder the transfer of valence band holes towards the environment, which results in the 
detrimental charge recombination (i.e., a less efficient charge separation and transfer towards 
the solid/liquid interface). 
The two latter phenomena, however, do not occur under back-side illumination and as 
a result the larger the Pt amount the higher is the H2 evolution efficiency. In fact, since the 
light passes through the quartz substrate, the photon density impinging on the TiO2 structures 
is not affected (shaded) by the amount of noble metal (excluding also back reflection effects). 
Also, a large coverage of the tube top with the co-catalyst is not expected to limit the hole 
transfer to the environment since the majority of the electron-hole pairs is generated at the 
tube bottom. 
These factors on the relative position of the co-catalyst with respect to the light 
irradiation pathway provide also explanation for the larger H2 evolution efficiency measured 
under front-side illumination compared to the back-side (~ 23.5 vs. 3.0 µL h
-1
, respectively, 
under 266 nm light irradiation). In fact, as anticipated above the most photo-active part of the 
oxide layers under back-side illumination is the bottom of the tubes, and thus the electrons 
have to migrate over relatively long distances to reach the co-catalytic Pt at the tube top, this 
limits the H2 generation. It is therefore clear that an optimized front-side illumination 
configuration represents a more effective experimental condition in view of a maximized 
photocatalytic H2 generation. 
Worth noting, these findings set apart from what is observed in photo-electrochemical 
(PEC) cells, that is that the illumination of the semiconductor through the transparent 
substrate (i.e., back-side irradiation) is typically beneficial. Under open circuit condition, as 
studied here, a key factor is the electron diffusion through the semiconductor and towards the 
11 
environment that is improved by the presence of the Pt decorations at its surface (as ascribed 
to the pinning of the semiconductor band levels at the interface with Pt
7,34,35
). Therefore, the 
overall efficiency of the photocatalytic H2 evolution is strictly related to the effectiveness of 
the electron transfer towards the TiO2/Pt/environment interface. In other words, a most 
efficient photocatalytic configuration should imply a direct irradiation of the TiO2 
NT/Pt/environment interface (optimized for minimized shading). 
Fig. 3 shows that in our experiments, the 266 nm UV light leads to a higher H2 
generation efficiencies compared to solar light irradiation. This could trivially be ascribed to 
the fact that the UV integral spectral component of the simulated solar light (which is 
responsible for TiO2 band gap excitation) is, in terms of power density, nearly the 5.4% of the 
full emission spectrum, that corresponds to a power of ca. 5.4 mW cm
-2
, which is lower than 
the intensity of the monochromatic 266 nm laser (e.g., ~ 7.8 mW cm
-2
). 
However, it is interesting to evaluate the photocatalytic results in terms of evolved H2 
amount normalized vs. the UV irradiation power (under front-side illumination and with the 
optimized Pt amount, i.e., 0.7 nm): the monochromatic 266 nm light (1.4 times higher photon 
flux than the UV component of the solar simulator) leads to a H2 production that is 2.7 time 
higher than that obtained under AM 1.5 illumination. This observation suggests that the 
difference in H2 generation is also related to the smaller penetration depth in the tubes of the 
shorter UV wavelengths (266 nm), so that the electron diffusion has to occur over shorter 
distances to reach the co-catalytic Pt at the top of the tubes. Conversely, the polychromatic 
UV component of the AM 1.5 simulated solar light (composed of UV wavelength that are 
closer to the TiO2 absorption threshold, i.e., ~ 400 nm) has larger penetration depth, and 
hence the generated carriers may experience a large extent of recombination since they have 
to migrate over longer pathways to reach the TiO2/Pt/environment interface.
36,37
 This 
interpretation is supported by the fact that in the back-side irradiation configuration the H2 
generation rates under 266 nm and under solar light irradiation are similar. In fact under back-
12 
side irradiation the lower UV power density of the simulated solar light is compensated by the 
larger penetration depth of its photons, and owing to the irradiation configuration, the charge 
carriers are thus generated closer to the TiO2/Pt/environment interface and their migration 
towards the Pt co-catalyst is facilitated. 
The bare and Pt-decorated (0.7 nm) anatase TiO2 nanotube layers on quartz were also 
investigated in view of their wavelength-dependent light transmission features, to provide 
complementary information to the photocatalytic results. From the data compiled in Fig. 4 one 
can notice that regardless of the presence of Pt, the general trend of light transmission over the 
irradiation wavelength does not depend on the light illumination pathway (front- vs. back-side 
irradiation). The low transmittance observed under UV light irradiation (λ < 405 nm) and its 
significant increase at longer wavelength (T(%) reaches values of ca. 90% under 633 nm light 
irradiation) can directly be ascribed to the bandgap of anatase TiO2 (i.e., super- vs. sub-
bandgap illumination). 
These transmission data, being measured under monochromatic irradiation at different 
wavelength, may also be compared to literature data on the wavelength-dependent light 
absorption coefficients (𝜀𝑇𝑖𝑂2,𝜆) of anatase TiO2 nanotube layers.
38
 
While in the literature for NT membranes values of 𝜀𝑇𝑖𝑂2 of 0.39 and 0.43 µm
-1
 are 
reported under super-bandgap irradiation at 266 and 365 nm, respectively, an evaluation of 
our transmission data yields 𝜀𝑇𝑖𝑂2  values of ~ 2.8 µm
-1
. This higher light absorption 
coefficient of the layers studied here may be the consequence of the fact that tube layers 
fabricated from Ti films e-beam evaporated on quartz not only carry the “initiation layer” on 
top of the tubes (shown in Fig. 1 and Fig S1 in the ESI) but also show the typical bottom-
close morphology – i.e., likely, these structural features, that are absent in the case of the tube 
membranes studied in literature,
38
 contribute to a larger light absorption of the layers studied 
here. 
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Furthermore, a direct comparison between the data in Fig. 4(a,b) shows the effects of 
the presence of Pt on the light absorption properties of the photocatalysts. As expected, upon 
deposition of a 0.7 nm-thick Pt film, the light transmission of the oxide films is noticeably 
reduced at all the irradiation wavelengths. These results not only are in line with the 
darkening of the NT layers observed upon Pt deposition (shown in the optical images in Fig. 1 
and Fig. S3), but also confirm that the presence of Pt in small amounts at the tube top already 
shades considerably the underneath semiconductor. 
Conclusions 
This work shows that for photocatalytic films based on Pt-decorated TiO2 nanotube 
layers on transparent substrates, the irradiation configuration and the amount of co-catalyst 
are relevant parameters to be optimized in view of maximizing the H2 evolution. Regarding 
the Pt loading not only the amount and distribution density affect the photocatalytic efficiency 
(via beneficial co-catalytic vs. shading effects) but also the light illumination pathway. A most 
efficient photocatalytic configuration was found using front-side irradiation with short UV 
wavelength (266 nm) and a nominal loading of 0.7 nm Pt on top of the tubes. 
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Table 
 
 
 
Table 1 Size of Pt on TiO2 NTs as a function of Pt layer thickness. 
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Figures 
 
 
 
Figure 1 a) I-T curve during anodizing of Ti sputtered on quartz, at 60V - optical pictures 
after anodization (inset), b) schematic representation of anodic TiO2 NTs on quartz substrate, 
SEM and optical images of Pt/TiO2 NTs  with a Pt layer thickness of: c) 1 nm; d) 10nm. 1 nm 
thick Pt shows the clearest LKO-logo behind the TiO2 NTs sample; in contrast, 10nm thick Pt 
decorated sample shows low transparency with dark green color. 
(Morphological characterization of 0.5 nm thick Pt was similar with that of 0.7 thick Pt, not 
shown here.) 
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Figure 2  a) XRD patterns, b) Pt 4f XPS spectrum for bare annealed TiO2 nanotubes, and 
Pt/TiO2 NTs with 0.7 nm, 1 nm, 5 nm, 10 nm thick Pt layers. A = Anatase, Si = Silicon, Q = 
Quartz, Pt = Platinum, Ti = Titanium, O = Oxygen, N = Nitrogen. (Chemical characterization 
of 0.5 nm thick Pt was similar with that of 0.7 thick Pt, not shown here.) 
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Figure 3 a) schematic representation of the induced light’s path: upper part, front-side 
illumination; lower part, back-side illumination. Photocatalytic H2 production for Pt/TiO2 NTs, 
as a function of the thickness of the Pt layer, for 1 h illumination under: b) UV light and c) 
AM 1.5 light. 
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Figure 4 The transmitted light intensity, in front- and back-side illumination, after passing 
through: a) annealed TiO2 NTs on quartz, b) 0.7 nm thick Pt decorated annealed TiO2 NTs on 
quartz. 
 
